The radical cation of the redox active ligand 3,4-dimethyl-3 0 ,4 0 -bis-(diphenylphosphino)-tetrathiafulvalene (P2) has been chemically and electrochemically generated and studied by EPR spectroscopy. Consistent with DFT calculations, the observed hyperfine structure (septet due to the two methyl groups) indicates a strong delocalization of the unpaired electron on the central S 2 CQCS 2 part of the tetrathiafulvalene (TTF) moiety and zero spin densities on the phosphine groups. In contrast with the ruthenium(0) carbonyl complexes of P2 whose one-electron oxidation directly leads to decomplexation and produces P2 1 , one-electron oxidation of [Fe(P2)(CO) 3 ] gives rise to the metal-centered oxidation species [Fe (I) (P2)(CO) 3 ], characterized by a coupling with two 31 P nuclei and a rather large g-anisotropy. The stability of this complex is however modest and, after some minutes, the species resulting from the scission of a P-Fe bond is detected. Moreover, in presence of free ligand, [Fe (I) (P2)(CO) 3 ] reacts to give the complex [Fe (I) (P2) 2 (CO)] containing two TTF fragments. The two-electron oxidation of [Fe(P2)(CO) 3 ] leads to decomplexation and to the P2 1 spectrum. Besides EPR spectroscopy, cyclic voltammetry as well as FTIR spectroelectrochemistry are used in order to explain the behaviour of [Fe(P2)(CO) 3 ] upon oxidation. This behaviour notably differs from that of the Ru(0) counterpart. This difference is tentatively rationalized on the basis of structural arguments.
Introduction
Tetrathiafulvalene (TTF) and its derivatives constitute a wellknown class of redox active compounds extensively studied in the search for molecular conductors and superconductors. [1] [2] [3] The functionalization of a TTF core with heteroatom-based ligands, [4] [5] [6] [7] capable to coordinate a metallic center, has developed steadily during the past decade, since it offers interesting perspectives on the modulation of architecture and collective electronic properties of molecular solids, 7, 8 but also on the spectroscopic studies in solution, 9 with respect to the redox activity of the TTF based ligand, and eventually, to that of the coordinated metallic fragment. Among the different class of ligands, we have been particularly interested in chelating diphosphines, 10, 11 because of their capacity to coordinate various metallic centers, and, especially, metal carbonyl fragments. 12 The latter have led very recently to the synthesis of the first radical cation salt of a TTF based phosphine metal complex with an interesting magnetic behavior in the solid state. 13 In this case, the organometallic moiety was a Mo(CO) 4 fragment, whose oxidation occurs at much higher potentials than that of the TTF core. Nevertheless, the TTF oxidation influenced the electronic density of the metallic center, as deduced from infrared spectroscopy. Indeed, absorptions for carbonyl ligands were measured at higher frequencies for the oxidized complex than for the neutral one, a consequence of the weaker p-back donation in the former, related to the lower electronic density on the metallic center. Another interesting situation is that when the oxidation of the metal carbonyl fragment occurs before that of the TTF moiety. In this case, after generation of the paramagnetic metal-based species, access to the TTF based radical cation should be still possible, thus creating the opportunity of having a paramagnetic metallic center in the vicinity of an organic TTF based radical. Fe(CO) 3 12 and Ru(CO) 3 14 fragments probably present the required properties. The first oxidation potential of the corresponding complexes are expected to be sufficiently cathodic, and, in the case of [Fe(L2)(CO) 3 ] (where L2 is a bidentate phosphorus ligand) it is known that oxidation in non-coordinating solvents (e.g. CH 2 Cl 2 ) is a one-electron reversible process leading to the paramagnetic 17-electron species. 15, 16 Due to the large atomic hyperfine constants 17 of 31 P, EPR is a very efficient method of determining the localization of the unpaired electron in the reduction or oxidation compounds of transition metal complexes of organophosphorus ligands. 18, 19 We, therefore, decided to investigate by EPR the oxidation behavior of the iron and of the ruthenium complexes of the redox active chelating diphosphine 3,4-dimethyl-3 0 ,4 0 -bis-(diphenylphosphino)-tetrathiafulvalene (P2).
It will be shown from the EPR spectra, that the behaviours of these two complexes, [Fe(P2)(CO) 3 ] and [Ru(P2)(CO) 3 ], are in fact quite different: whereas a single type of signal could be detected for the ruthenium complex, four different spectra could be observed for the iron compound. The main purpose of the present study is to identify the various paramagnetic intermediates formed from the iron complex and to determine their electronic structure. This identification could be achieved by combining the results obtained with several techniques: EPR, cyclic voltammetry, FTIR spectroelectrochemistry and DFT calculations. Finally, a comparison between the crystal structures of the neutral Ru and Fe complexes explains, in part, the differences observed in their oxidation processes. P2 (300 mg, 0.50 mmol) and Ru 3 (CO) 12 (106 mg, 0.17 mmol) were weighed in the glove-box in a Schlenk tube, then toluene (15 ml) was added. The mixture was heated for a period of 3 h, at 80 1C, under magnetic stirring. The completeness of the reaction was checked by 31 P NMR spectroscopy. After cooling down to room temperature, the red solution was filtered through celite on a glass frit and then the solvent was removed under vacuum. After extraction with hexane and removing the solvent on a rota-evaporator, an orange solid was recovered. Recrystallization in hexane yielded bright orange crystals of complex (180 mg, 46%). Anal. calcd. for C 35 
Experimental section

X-Ray crystallography
Data were collected on a Stoe-IPDS imaging plate system. The structure of [Ru(P2)(CO) 3 ] was solved by direct methods (SHELXS) and refined (SHELXL-97) 20 by full-matrix leastsquares methods. The complex crystallized as a hemi-hexane solvate located on an inversion center. Hydrogen atoms were introduced at calculated positions (riding model), included in structure factor calculations and not refined. All the heavy atoms, excepting those of the solvate, were refined anisotropically.
Details about data collection and solution refinement are given in Table 1 .
Electrochemistry
Cyclic voltammetry of [Ru(P2)(CO) 3 ] was carried out at room temperature, under dry argon atmosphere, in dried CH 2 Cl 2 (0.1 M tetra-n-butylammonium hexafluorophosphate (TBAHP)) with a BAS electrochemical station (Model CV-50W). A standard three electrode cell was used, equipped with a platinum working electrode (diameter: 1 mm), a platinum wire counter-electrode and a SCE reference electrode. Measurements for [Fe(P2)(CO) 3 ] were performed, at room temperature, inside a glove box containing dry, oxygen-free (o1 ppm) argon, in a three-electrode cell equipped with a platinum millielectrode of 0.126 cm 2 area and a platinum wire counterelectrode. A silver wire served as a pseudo-reference electrode and its potential was checked against the ferrocene/ferrocenium couple (Fc/Fc 1 ) before and after each experiment. Electrochemical experiments were carried out in CH 2 Cl 2 (0.5 mol l À1 of TBAHP) with an EGG PAR 273A potentiostat with positive feedback compensation. Based on repetitive measurements, absolute errors on potentials were found to be around 5 mV.
Electrolytic cell and EPR measurements
A quartz electrolytic cell, derived from the cell described by Peake et al. 21 was designed to be inserted inside the EPR cavity and to allow measurements at controlled potential by using an Ag/AgCl electrode as a pseudo-reference. The solution could be directly degassed in the cell and all the measurements were performed under nitrogen atmosphere. This electrochemical device was equipped with a EGG PAR 362 potentiostat; both the working-electrode and the counter electrodes were in platinum. TBAHP (0.1 M) was used as an electrolyte. THF was freshly distilled on Na and CH 2 Cl 2 on P 2 O 5 . Solutions were degassed by several freeze-pump-thaw cycles. Prior to EPR measurements, a cyclic voltammogram was recorded with this cell in order to locate the various oxidation waves. Chemical oxidations were performed in a glove box by reacting the TTF derivative with AgClO 4 or with bistrifluoroacetoxyiodobenzene (BTI).
EPR and ENDOR spectra were recorded on a Bruker ESP 300 spectrometer (X-band) equipped with a variable temperature attachment. Optimizations and simulations of the frozen solution spectra were carried out with a program 22 , based on the Levenberg-Marquardt least-squares fit, which compares the position of the experimental resonance lines with those calculated by second-order perturbation theory.
Spectroelectrochemistry
A spectroelectrochemistry experiment consists in monitoring in situ and in real time the FTIR signal of a solution at the surface of the working electrode of an electrochemistry setup while a cyclic voltammetry experiment is being carried out. The resulting IR spectra are collected at regular time intervals and are assembled in a 3D plot called spectroelectrogram. The spectroelectrochemical cell and methodology have been described elsewhere. 23 The solutions of P2 and [Fe(P2)(CO) 3 ] (1 Â 10 À3 M in CH 2 Cl 2 ) were studied in thin layer (B100 mm) conditions, therefore at low scanning rate (B2 mV s À1 ), so that the electrochemical process took place in quasi-electrolysis conditions. The potentiostat was an Autolab PGSTAT model 100 connected to a PC and monitored by the electrochemical software GPES v.4.8. The FTIR spectrometer was a Bruker model Tensor 27 equipped with a MCT detector cooled at the temperature of liquid nitrogen. The resolution was B4-8 cm À1 . The spectroscopic window was CaF 2 (B50 000-1000 cm À1 ).
DFT calculations
DFT calculations were performed with the Gaussian 98 package 24 using the UB3LYP functional 25 and 6-31G* standard basis sets. The Fermi contact and dipolar contributions to the hyperfine tensors were calculated after optimization of the complex or radical cation. A frequency analysis was carried out for each optimized structure (all frequencies real). The SOMO were represented by using the Molekel program. 26, 27 3. Results
Structure of [Ru(P2)(CO) 3 ]
The infrared spectrum shows the three characteristic bands of a [Ru(L2)(CO) 3 ] complex, where L2 is a chelating diphosphine. 28, 29 The fluxional behavior of the complex in solution is evidenced by the unique resonance in 31 P NMR spectrum and the triplet observed for the carbonyl carbon atoms in 13 C NMR spectrum. As in the case of pentacoordinate iron complexes, 30 ,31 the corresponding ruthenium complexes show a fast interconversion occurring in solution at the NMR time scale, between a trigonal bipyramidal and a square pyramidal geometry. 28 The solid state structure of [Ru(P2)(CO) 3 ] was determined by X-ray diffraction. The complex crystallized in the triclinic system, space group P 1, with one molecule in general position and one molecule of hexane located on an inversion center. This latter is definitively trapped between the planes defined by the donors, since no desolvation occurs within months. Bond lengths and angles in the coordination sphere of Ru are listed in Table 2 .
The coordination geometry around the metallic center is intermediate between trigonal bipyramid, with apical phosphorus and carbonyl ligands, and square pyramid with an apical carbonyl ligand. In order to define to what extent the coordination geometry deviates from a perfect trigonal bipyramid, one can apply the t criterion, 32, 33 where t ¼ (a À b)/60, and a and b defining the largest angle and second largest angle, respectively, about the coordinated metallic center. Values of t range from 0 for a perfect square pyramid to 1 for a perfect trigonal bipyramid. In our case t amounts about 0.83, thus defining a distorted trigonal bipyramid, whereas in the case of Ru(dppe)(CO) 3 , 28 with t ¼ 0.33, a distorted square pyramid is observed. The five-membered ring metallacycle defined by the diphosphine and the ruthenium atom is almost planar, as observed in Fig. 1 , with a dihedral P(1)-C(1)-C(2)-P(2) angle of only 11. This is somewhat surprising since also both dithiole moieties of the TTF core are essentially planar, with dihedral angles along the SÁ Á ÁS hinges within 2.51. Indeed, much larger folding angles, up to about 251, along PÁ Á ÁP or SÁ Á ÁS hinges were observed for different P2 complexes. 11, 12, 34 An ORTEP representation of the complex is shown in Fig. 1. 
Cyclic voltammetry
Cyclic voltammetry studies of P2, and of some of its transition metal complexes (Fe, W, Re, Mo) 12 have already been reported. They showed that coordinating the two phosphine groups of P2 drastically increases the oxidation potential of the TTF system. Whereas the two oxidation waves of P2 appear at E In the present study, additional measurements have been carried out on [Fe(P2)(CO) 3 ] to obtain more detailed information on the electrochemical behaviour of this complex. As shown in Fig. 2A and 2D, at high scan rate (2 V s
À1
), [Fe(P2)(CO) 3 ] indeed presents a nice reversible first oxidation wave (0.28 V) assigned to the formation of [Fe (I) (P2)(CO) 3 ]. However, as shown in Fig. 2 , repeated cycling shows that the two oxidation waves assigned to the TTF moiety (Fig. 2B, E and Fig. 2C, F) are split and that the intensity of the oxidation wave attributed to the metal moiety decreases during the negative reverse scan.
Cyclic voltammetry of [Ru(P2)(CO) 3 ], even at high scan rates, is characterized by an irreversible oxidation peak at E
FTIR spectroelectrochemistry
The spectroelectrogram of P2 returns reversible absorption bands at 1558 and 1365 cm À1 that can be assigned to (P2) 1 and (P2) 21 , respectively (see electronic supplementary information (ESI)).w These values are in good agreement with values recently reported for the TTF molecule. 35 The spectroelectrogram of [Fe(P2)(CO) 3 ] in the region of CO absorption frequencies is presented in Fig. 3 .
Additionally, the IR spectra obtained at potentials corresponding to the first (a), second (b) and third (c) oxidation waves are also reported in Fig. 4 . There are two negative peaks that appear at 1907 and 1992 cm À1 in all three spectra. They correspond to the disappearance of [Fe(P2)(CO) 3 ] during the electrochemical process and are assigned to C-O vibrations on the basis of previously reported data. 12 The same carbonyl vibrations are upshifted to 2019 and 2079 cm À1 in spectrum (a). Spectrum (b) displays peaks at 1535 (assigned to the TTF . Additionally, a peak located at 1309 cm À1 can be assigned to a TTF 21 species.
EPR spectroscopy
Spectra obtained by oxidation of the ligand P2
Electrochemical oxidation. A solution of P2 in CH 2 Cl 2 or THF was oxidized, at room temperature, in situ in the EPR cavity. A signal appears at g ¼ 2.011 at a potential superior to that of the first oxidation wave. Increasing the voltage does not lead to another type of spectrum. As shown in Fig. 5a , the hyperfine structure is clearly due to a coupling of 0.96 G with six equivalent protons.
Chemical oxidation. Oxidation of P2 in CH 2 Cl 2 or THF with AgClO 4 leads, at room temperature, to the septet produced by electrochemical oxidation. The corresponding ENDOR spectrum obtained at 190 K, is shown in Fig. 5b . It confirms the 1 Hcoupling of 0.96 G (2.71 MHz) and does not reveal additional hyperfine interaction. The EPR spectrum recorded at 115 K is a broad line (Fig. 5c ), without any resolved hyperfine structure, centered at g ¼ 2.010.
Spectra obtained by oxidation of the transition metal complexes
Oxidation of the Ru complex. In accord with cyclic voltammetry results, measurements with the electrolytic EPR cell show that the first oxidation wave (E 1 P2Ru ) of [Ru(P2)(CO) 3 ] appears at a potential approximately equal to half the value found for the second oxidation wave of the free ligand P2 (vide supra). Whereas no EPR signal could be detected for a potential inferior to E 1 P2Ru , a septet exhibiting a coupling constant of 2.71 MHz was detected for any potential higher than this value. The same spectrum was obtained by chemical oxidation with AgClO 4 .
Oxidation of the Fe complex
Electrochemical oxidation. The first EPR signal was obtained when the voltage was set ca. 200 mV above the first oxidation wave (E 1 P2Fe ) of the complex. The corresponding spectrum, obtained at room temperature, is shown in Fig. 6a . It is characterized by a coupling of 22.5 G with two equivalent spin 1/2 nuclei and by a g-value equal to 2.054. At a potential slightly superior (ca. 100 mV) to that of the second oxidation wave (E 2 P2Fe ), this EPR spectrum disappears and is replaced by the septet (splitting ¼ 1 G) centered at g ¼ 2.011 and already observed by oxidation of P2. equivalent of AgClO 4 led to the same spectrum as this one shown in Fig. 6a . This spectrum is attributed to [Fe(P2) (CO) 3 ] 1 , this identification will be confirmed by DFT (vide infra). The corresponding frozen solution spectrum was recorded at 110 K and is shown in Fig. 6b . It could be simulated by using almost isotropic hyperfine tensors with two equivalent 31 P and an axial g-tensor whose average value is equal to the value determined in liquid solution (see Table 3 ). When the oxidation was carried out with two equivalents of AgClO 4 , the liquid solution spectrum was identical to the septet recorded after oxidation of P2. 3 ] slowly decreased with time ( Fig. 7a) and was replaced by a doublet (splitting ¼ 20.2 G) of septets (splitting ¼ 0.7 G) centered at g ¼ 2.014 (Fig. 7b) . One hour after electrochemical oxidation, this latter signal was very intense and the triplet had practically disappeared. It is worthwhile remarking that this decrease in the triplet intensity is much more rapid in THF than in CH 2 Cl 2 .
The rather large coupling with a spin 1/2 nucleus suggests the formation of a complex with a single coordination phosphorus-iron bond.
Oxidation of [Fe(P2)(CO) 3 ] in the presence of P2. The spectrum shown in Fig. 8a was obtained after oxidation with AgClO 4 or BTI, at room temperature, of a solution of [Fe(P2)(CO) 3 ] containing a small amount of P2. CH 2 Cl 2 or THF were used as solvents. The hyperfine structure is clearly due to a coupling of 21.1 G with four spin 1/2 nuclei. The corresponding frozen solution is shown in Fig. 8b , this spectrum was simulated by using the tensors given in Table 3 .
DFT calculations
DFT calculations were performed to confirm the analysis of the EPR spectra and to point out the geometrical modifications induced by the oxidation of P2 and [Fe(P2)(CO) 3 ]. Due to the large size of P2, calculations were carried out on the P2 0 model where the phenyl groups were replaced by hydrogen atoms (Fig. 9) . Some important geometrical parameters calculated for the optimised structures of P2 Table 4 together with the values determined from the crystal structure of [Fe(P2)(CO) 3 ]. For the ligand, n 1 , n 2 , n 3 , n 4 and n 5 represent the normals to the planes S2C4C5S3, S2C1S3, S9C8S10, S9C11C12S10 and PC11C12P, respectively. In [Fe(P2 0 )(CO) 3 ], n 6 represents the normal to the PFeP plane. For all structures, the four sulfur atoms and the two central carbon atoms are coplanar ([n 2 ,n 3 ] angle E01). The SOMO represented in Fig. 10a indicates that in P2 01 the unpaired electron is mainly delocalized on the central part of the TTF moiety. Accordingly, the calculated 1 H and 31 P couplings given in Table 5 are very small, they agree with the methyl hyperfine structure detected on the EPR and ENDOR spectra and are consistent with the absence of any 31 P splitting. For [Fe(P2 0 )(CO) 3 ] 1 , however, there is a large contribution of the iron orbital to the SOMO (Fig. 10b) . As shown in Table 5 , this spin localisation on the metal considerably modifies the hyperfine constants of the ligand as compared to those calculated for P2 01 : the methyl couplings are now particularly small whereas the 31 P hyperfine tensors are almost isotropic with a A iso value close to 22 G. These properties agree with the EPR spectra recorded in both liquid and frozen solutions: absence of 1 H coupling, isotropic 31 P hyperfine tensors, large anisotropy of the g-tensor.
Discussion
It is clear, from the above results, that oxidation of [Ru(P2) (CO) 3 ] leads only to the spectrum of the oxidized free ligand whereas oxidation of [Fe(P2)(CO) 3 ] gives rise to a variety of paramagnetic species. We will first elucidate the mechanisms leading to the oxidation species of the iron complex, then we will try to rationalize the difference in the electrochemical behaviour of [Ru(P2)(CO) 3 ] and [Fe(P2)(CO) 3 ].
As shown by DFT calculations, there is no doubt that oneelectron oxidation of [Fe(P2)(CO) 3 ] is metal-centered, the resulting Fe(I) complex exhibits coupling with two 31 P in good accordance with the experimental spectrum which, furthermore, is characterized by a rather large anisotropy of the g-tensor (Fig. 6b) . The redox reaction is accompanied by an appreciable change in the coordination shape of the metal that passes from a trigonal bipyramid to a square pyramid. However, as shown in Fig. 7 , at room temperature, the resulting structure is not very stable; a scission of one of the two phosphorus-iron bonds occurs giving rise to hyperfine coupling with only one 31 P nucleus. In this secondary complex,
, the detection of a small coupling with the methyl protons together with the decrease in the g average value suggest that the unpaired electron delocalises onto the TTF moiety.
For a potential slightly superior to the second oxidation potential of [Fe(P2)(CO) 3 ], or for an oxidation with two equivalent of AgClO 4 , the spectrum of the primary Fe(I) complex is replaced by the spectrum of the oxidized ligand P2
1 . No signal is observed which could be due to a stable species bearing two oxidized moieties: an Fe(I) site and a TTF centered radical cation. Therefore, decomplexation probably occurs. Such a process is in good accordance with the splittings of the second and third oxidation waves detected by cyclic voltammetry at high scan rates (Fig. 2) . These splittings, observed within repetitive cycling, indicate that in addition to the ligand oxidation of the [Fe(P2)(CO) 3 ] complex, the oxidation of a second TTF-containing species occurs. At high scan rates, the oxidation potential values for this second species, which amount to 0.55 V and 1.05 V, hence largely superior to those of the free P2, suggest that an intermediate monocoordinated species is involved. Very likely, this latter is related to the monocoordinated species detected by EPR (vide supra). Moreover, on this hypothesis, the much higher oxidation potential of a [Fe(phosphine)(CO) 3 ). This trend is in agreement with a weaker p-back donation from the metal to the p * CO orbital, according to the Dewar-Chatt-Duncanson model. 37 At higher potentials such as 0.8 V and 1.3 V (Fig. 4) , allowing for the oxidation of the TTF moiety, the three n CO absorption peaks present in spectra b and c, appear at 2073, 2112, 2134 and 2077, 2106 and 2140 cm À1 , respectively. Very likely, these absorptions can be attributed to a (monophosphine)Fe(CO) 3 L (L ¼ CO, solvent) cationic species. Indeed, the presence of absorption peaks at 1535 and 1309 cm À1 , characteristic for the central CQC bond in TTF 1 and TTF 21 based species and different from those of the free P2 1 and P2 21 (vide supra), is also an argument in the favour of a P2 monocoordinated iron carbonyl complex at this stage, and confirms the interpretation of the EPR spectra.
As shown in Fig. 8 , when the primary Fe(I) complex is formed in presence of free ligands P2, coordination between iron and a second ligand can occur, giving rise to [Fe(P2) 2 (CO)] 1 , a new metal centered complex with a large coupling with four 31 P nuclei value and a large g-anisotropy. The formation of these various oxidation products detected by EPR is summarized in Scheme 1.
Unlike the iron complex [Fe(P2)(CO) 3 ], cyclic voltammetry measurements of the ruthenium complex [Ru(P2)(CO) 3 ], performed in the same conditions as for the iron counterpart, show only an irreversible oxidation peak at 0.39 V even at high scan rates, corresponding either to a decomposition or to other processes such as dimerization of the electrogenerated Ru(I) paramagnetic species. For example, a Ru 2 complex was isolated upon chemical oxidation of the [Ru(dppe)(CO) 3 ] complex. 28 In our case, the differences within the electrochemical behaviors are, very likely, due to a lower electron density on the ruthenium(0) centre when compared with the iron(0) one, hence a much lower stability of the paramagnetic oxidized species Ru(I) than Fe(I). Striking spectroscopic and structural differences between the two unoxidized complexes support this hypothesis. Indeed, the three infrared absorption frequencies of the carbonyl ligands appear at higher wave numbers for [Ru(P2)(CO) 3 ] than for [Fe(P2)(CO) 3 ], 12 as follows: n CO (cm
À1
) 1920, 1934, 2011 and 1901, 1925, 1991 , respectively. This trend can be easily rationalized in terms of a lower degree of p-back donation from metal-d to CO-p* orbitals, as a consequence of the lower electron density on the Ru(0) center than on the Fe(0) center, according to the Dewar-ChattDuncanson model. 37 Also, X-ray structural parameters are in good agreement with this difference in p-back donation, since the CRO average distance amounts at 1.145 Å within the Ru(0) complex, whereas the same distance increases at 1.155 Å in the case of the Fe(0) complex. Indeed, a strong p-back donation leads to a partial filling of the p*-CO orbitals, hence a lengthening of the CRO bond. Very likely, the electron density on the Ru(0) center, and, consequently the stability of the electrogenerated paramagnetic Ru(I) species, could be increased by the use of more electron-rich phosphines, such as dialkyl instead of diphenylphosphines, a much appealing situation which would eventually allow the EPR study of the paramagnetic Ru(I) complex. Moreover, in the case of the iron complexes, the replacement of diphenyl with dialkylphosphines could prevent the phosphine decomplexation subsequent to the second oxidation step, thus generating the very interesting situation of the coexistence of two radical sites on the same molecule. This is the subject of current and future work in our groups.
